Background Lipasin is a liver-derived secretory protein; i.e. associated with type 2 diabetes mellitus, obesity, and metabolic syndrome. Objective The current research assessed the effect of resistance training on atherogenic and metabolic status and lipasin levels in obese rats. Methods In this experimental study, 20 obese rats (8 weeks old, Mean±SD weight: 361±32 g) and 10 normal-weight rats (8 weeks old, Mean±SD weight: 248±13 g) randomly divided into three groups: obese control, obese trained, and control. The obese trained group received an 8-week exercise program for 3 days/week on a specific ladder with a carrying load of 30% of body weight, attached to their tails. The weight of the load was gradually increased during the training sessions, reaching 200% of the body weight of rats in the final week. There were three sets of 5 repetitions with a 3-min rest between each set of exercise sessions and 1 minute between repetitions. Forty-eight hours after the last training session, the blood samples were obtained and analyzed for metabolic status. The collected data were analyzed using analysis of variance (ANOVA), and statistical significance was set at P<0.05. Findings Lipasin levels were higher in obese rats, than the controls (P=0.02). Atherogenic and metabolic status (TG, TC, LDL, glucose, insulin resistance) were improved in the exercise group, compared to the control group (P=0.05). Plasma lipasin levels were significantly decreased in the obese exercise group (P=0.05). Conclusion This study indicated that resistance training may be effective in improving metabolic status by decreasing lipasin plasma levels.
Introduction
besity is one of the most common diseases that its incidence rises progressively worldwide. This problem is associated with an increased risk of catching cardiovascular diseases and type II diabetes [1] . The liver plays a key role in lipid, glucose, and cholesterol metabolism. Besides, it produces and releases secretory proteins called hepatokines [2] . Lipases, also known as angiopoietin-like protein, is a newly identified circulating protein predominantly produced in the liver and adipose tissue [3] [4] [5] [6] . Clinical studies have clarified some relations between the circulating levels of human lipase with obesity and diabetes. The circulating concentration of human lipase is high in obese and diabetic patients. Lipase likely inhibits lipoprotein lipase activity and is, therefore, an important regulator of lipid metabolism, which is strongly associated with components of metabolic syndrome such as obesity and diabetes [7, 8] .
Regular physical exercise is an effective lifestyle intervention for the prevention and treatment of some of the most common non-communicable diseases, notably cardiometabolic conditions [9] . Resistance training is rapidly becoming one of the largest fitness trends, which has proven effective not only for the promotion of muscle mass/strength gains as traditionally thought, but also for reducing cardiometabolic risk factors such as obesity, insulin resistance, and or hypertension. Aerobic exercise is indicated for the prevention and treatment of obesity-induced cardiovascular disorders [10, 11] . Although the resistance training may also produce effects similar to aerobic exercise, its mechanisms of action are not completely clear yet. Therefore, this study aimed to assess the effects of resistance training on circulating lipase in obese rats.
Materials and Methods
Eight-week-old healthy male rats of the Sprague-Dawley were purchased. After spending a week adjusting to their new environment, obesity was induced by feeding them a high-fat diet (60% calories from fat) for 8 weeks. Then, rats were randomly assigned to one of 3 groups: obese control group, obese trained group, and normal weight control group, consisting of 10 animals in each group. The study design was approved by the Animal Experiment Ethics Committee of Arak Medical University. After 8 weeks, the main exercise was began and completed for 8 weeks. The resistance exercise protocol comprised ladder climbing. For the 1st week, the rats practiced climbing on a 1.0 m ladder at an 80° incline without weights on their tails to habituate them to the exercise. Subsequently, weights of 25-200% of their body weight were attached to the rats' tails for ladderclimbing training, and the weights and the number of repetitions was incrementally increased. Each set involved eight repetitions and was separated from the next by two minutes of rest. The exercise was conducted three times per week [12] [13] [14] . One day after completing the experimental stages of the research, rats were anesthetized using a combination of xylazine (3-5 mg/kg body weight) and ketamine (30-50 mg/kg body weight). Blood was collected in EDAT test tubes and immediately processed for plasma preparation during 10 min centrifugation at 3000× g. Plasma was frozen in liquid nitrogen and stored at -80 ˚C until they were taken to the laboratory. Lipasin levels were analyzed by rat ELISA kit. One-way ANOVA was applied for statistical analyses of the data. The level of significance was less than 0.05.
Results
After eight weeks of the high-fat diet, the rats expressed an increase in both body weight compared to baseline (P=0.01). After eight weeks of resistance exercise, the trained rats showed no significant differences in their body weight compared to obese sedentary rats (P=0.21). Lipase levels in obese rats were higher than those in the normalweight rats (P=0.02). Atherogenic and metabolic status (triacylglycerol, total cholesterol, high-density lipoprotein, glucose, insulin resistance) were improved in the exercise group compared to the normal weight group (P=0.05). Plasma lipase levels significantly decreased in the obese exercise group (P=0.05) ( Table 1) . 
Conclusion
In summary, the present study indicated the positive effect of resistance training in improving plasma lipasin levels. Probably, these changes are considered as mechanisms for increasing metabolism and reducing metabolic syndrome in obese rats, and thus require further research. These results are in accordance with previous in vitro studies reporting that the high fat diet increased the lipasin expression [25] [26] [27] . In addition, further investigations into certain mechanisms related to the effects of resistance training on lipasin considering Peroxisome proliferator-activated receptor gamma coactivator 1-alpha and Fibronectin Type III Domain Containing 5 are required.
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